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RT-qPCR   real time quantitative polymerase chain reaction  
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1  Einführung 
Der menschliche Körper ist durch ein individuelles Besiedelungsprofil von 
Mikroorganismen charakterisiert. Das Mikrobiom, also die Gesamtheit der 
vorhandenen Mikroorganismen, die ein Mensch in oder auf sich trägt, ist durch die 
Entwicklung kulturunabhängiger Nachweismethoden von Bakterien in den Fokus 
wissenschaftlichen Interesses gerückt. So zeigen zum Beispiel die verschiedenen 
Anteile des menschlichen Gastrointestinaltraktes ein sehr unterschiedliches und 
vielfältiges Besiedelungsprofil. Das Phylum a  Firmicutes wird vorrangig in der 
Mundhöhle, Enterococccus- oder Lactobacillus-Arten hauptsächlich im Dünndarm 
und Bacteroidetes v.a. im Dickdarm gefunden (Sonnenburg, Angenent et al. 2004, 
Aas, Paster et al. 2005, Frank, St Amand et al. 2007, Ndeh and Gilbert 2018). Dabei 
unterliegt jedes Mikrobiom kurz- und langfristigen Veränderungen, z.B. durch die 
Ernährungsweise aber auch durch akute bzw. chronische Erkrankungen (Han and 
Wang 2013). Im Vergleich zu gesunden Probanden zeigt sich beispielsweise in 
Darmabstrichen von Patienten mit chronisch-entzündlichen Darmerkrankungen eine 
Abnahme des Phylum Firmicutes und eine Zunahme der Proteobacteria (Frank, St 
Amand et al. 2007). Des Weiteren können Pathogene einer bestimmten 
Standortflora, wie beispielsweise die der Mundhöhle, auch mit anderen, z.B. 
extraoralen Krankheiten in Verbindung stehen. So wird das orale Pathogen 
Fusobacterium nucleatum mit chronisch-entzündlichen Darmerkrankungen, dem 
Kolonkarzinom, der Arterio-sklerose, der rheumatischen Arthritis und der akuten 
Appendizitis assoziiert (Allen-Vercoe, Strauss et al. 2011). 
  
																																																								
a  Die taxonomische Zuordnung von Bakterien erfolgt nach Phylum (Stamm), Classis 
(Klasse), Ordo (Ordnung), Familia (Familie), Genus (Gattung) und Spezies (Art). 
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Die akute Appendizitis ist eine der häufigsten Entzündungen des 
Gastrointestinaltraktes mit bis dato ungeklärter Pathogenese (Guinane, Tadrous et 
al. 2013). In vorangegangenen Studien wurden nichtinfektiöse Auslöser, wie eine 
ballaststoffarme Ernährung oder auch eine Obstruktion des Lumens mit sekundärer 
bakterieller Überwucherung diskutiert (Larner 1988, Humes and Simpson 2006, 
Lamps 2010). Neuere Arbeiten vermuten dagegen eine primär infektiöse 
Pathogenese der akuten Appendizitis und lenken so die Aufmerksamkeit auf das 
Mikrobiom der Appendix. Die Identifizierung bestimmter Indikatorkeime könnte 
demzufolge eine zielgerichtete Diagnostik bzw. konservative Therapie mittels 
Antibiotika untermauern. 
Kulturunabhängige Nachweismethoden von Bakterien wie die 16S-rDNA-
Sequenzierung ermöglichen im Gegensatz zur Bakterienkultur eine detaillierte 
Analyse des Mikrobioms.  
In verschiedenen Studien konnten wiederholt orale Pathogene in den Proben 
entzündeter Appendizes nachgewiesen werden (Swidsinski, Dorffel et al. 2011, 
Jackson, Mongodin et al. 2014, Zhong, Brower-Sinning et al. 2014, Rogers, Brower-
Sinning et al. 2016, Salo, Marungruang et al. 2016). Diese spielen auch in 
extraoralen Infektionen wie chronisch-entzündlichen Darmerkrankungen, dem 
Kolonkarzinom, der Arteriosklerose und der rheumatischen Arthritis eine Rolle (Allen-
Vercoe, Strauss et al. 2011). Damit käme die Mundhöhle auch als Erregerreservoir 
für die akute Appendizitis in Frage. In der vorliegenden Studie wurde daher das orale 
Mikrobiom gesunder und an einer akuten Appendizitis erkrankter Kinder untersucht, 
und mit dem Mikrobiom entzündete Appendizes verglichen. Ziel war es, 
Veränderungen des oralen Mikrobioms bei kindlicher Appendizitis zu analysieren, 
sowie die Mundhöhle als potentielles Erregerreservoir der akuten Appendizitis zu 
evaluieren. 
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1.1  Einführung in die akute Appendizitis 
1.1.1  Anatomie  
Als Appendix vermiformis bezeichnet man den Wurmfortsatz des Blinddarms 
(Caecum). Die Appendix vermiformis, welche über ein eigenes Mesenterium versorgt 
wird, ist in ihrer Lage sehr variabel (Humes and Simpson 2006, Becker and Höfler 
2014). Sie ist Bestandteil des darmassoziierten lymphatischen Gewebes, welches 
immunologische Aufgaben, wie die Erkennung von Proteinen und Bakterien oder die 
Bildung von IgA-Immunglobulinen erfüllt (Becker and Höfler 2014). Zudem soll die 
Appendix vermiformis als mikrobielles Erregerreservoir dienen, welches nach 
enteralen Infektionen die bakterielle Repopularisierung des Gastrointestinaltraktes 
begünstigt (Bollinger, Barbas et al. 2007).  
1.1.2  Ätiologie 
Die Entzündung des Wurmfortsatzes bezeichnet man als akute Appendizitis, welche 
in unterschiedlichen Stadien und Schweregraden verläuft (Birnbaum and Wilson 
2000, Becker and Höfler 2014). 
Mit einer Lebenszeitprävalenz von 7% ist sie die häufigste Ursache des akuten 
Abdomens bei Kindern und Erwachsenen (Addiss, Shaffer et al. 1990, Navarro 
Fernandez, Tarraga Lopez et al. 2009). Die Inzidenz liegt bei etwa 100 von 100.000 
Einwohnern, wobei Kinder häufiger betroffen sind, mit einem Altersgipfel im 2.–3. 
Lebensjahrzehnt (Becker and Höfler 2014, Ohmann, Franke et al. 2014).  
1.1.3  Klinik 
Eine akute Appendizitis beginnt klinisch meist unspezifisch mit periumbilikalen 
Bauchschmerzen, welche sich in den rechten Unterbauch verlagern. Druckschmerz, 
kontralateraler Loslassschmerz, Abwehrspannung und Fieber (> 38,0°C 
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Körperkerntemperatur) bilden dann das Bild des akuten Abdomens (Birnbaum and 
Wilson 2000, Humes and Simpson 2006). Insbesondere bei Kindern können die 
Symptome geringer ausgeprägt sein oder atypisch verlaufen (Bundy, Byerley et al. 
2007). Ein septisches Krankheitsbild ist typisch für eine perforierte Appendizitis mit 
konsekutiver Peritonitis, Abszess- und oder Fistelbildung (Larner 1988, Humes and 
Simpson 2006, Becker and Höfler 2014).  
1.1.4  Diagnostik  
Diagnostiziert wird die akute Appendizitis hauptsächlich klinisch mit besonderem 
Fokus auf die Untersuchung des Abdomens (McBurney-Punkt, Lanz-Punkt, Psoas-
Dehnungsschmerz, Blumberg und Rosving-Zeichen) (Humes and Simpson 2006). In 
der Labordiagnostik ist ein Anstieg der Entzündungsparameter, vorrangig der 
Leukozyten und der neutrophilen Granulozyten sowie im Verlauf des C-reaktiven 
Proteins (CRP), typisch (Al-Gaithy 2012). Ergänzend erfolgt die Sonographie des 
Abdomens mit Nachweis eines erhöhten Innendurchmessers des Appendixlumens 
(>6mm) und Kokardenphänomena, sowie gelegentlich eines Fäkolithenb. Indirekte 
Zeichen sind eine Umgebungsreaktion und freie Flüssigkeit (Ang, Chong et al. 2001, 
Sivit, Siegel et al. 2001, Simonovsky 2002, Pinto, Pinto et al. 2013). Bei unklaren 
Befunden kann in Einzelfällen eine Schnittbildgebung mittels Computertomographie 
(CT) oder aufgrund ihrer fehlenden Strahlenbelastung eine 
Magnetresonanztomographie (MRT) durchgeführt werden (Humes and Simpson 
2006, Krajewski, Brown et al. 2011). 
																																																								
a	Das Kokardenphänomen bezeichnet ein schiessscheibenartiges Aussehen der Appendix im 
Querschnitt in der Sonographie. 
b Ein Fäkolith ist ein Kotstein, welcher das Lumen der Appendix verschließen und so eine 
Appendizitis auslösen kann. 
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Verschiedene Scores wurden in den letzten Jahren etabliert, um die Diagnose einer 
akuten Appendizitis besser verifizieren zu können. Dazu zählt der „pediatric 
appendicitis score“ (PAS), welcher aus Anamnese, Untersuchung und 
Laborparametern mit Hilfe eines Punktesystems die Wahrscheinlichkeit einer 
kindlichen Appendizitis mit einer Sensitivität von 86–100% und einer Spezifität von 
50–96% angibt (Samuel 2002, Pogorelic, Rak et al. 2015). 
1.1.5  Therapie 
Die Therapie besteht in einer chirurgischen Entfernung des entzündeten 
Wurmfortsatzes, standardmäßig per Laparoskopie in Ein- bis Drei-Trokartechnik und 
intra- bzw. extrakorporalem Absetzen der Appendix nach Durchtrennung der sie 
versorgenden Gefäße (Gosemann, Lange et al. 2016). Perioperativ wird meist eine 
„single-shot“-Antibiotikaprophylaxe mit einem Cephalosporin verabreicht, die bei 
komplizierten Fällen auf 3–5 Tage ausgeweitet werden kann, um die Gefahr einer 
postoperativen Wundinfektionen oder Abszessbildung zu minimieren (Andersen, 
Kallehave et al. 2003). Aber auch die primär konservative Therapie wurde in den 
letzten Jahren in mehreren randomisierten Studien untersucht. So ließen sich 90,5% 
der Kinder mit einer unkomplizierten Appendizitis antibiotisch therapieren, die Rate 
an Therapieversagern ist mit 9,5% aber signifikant höher als die Komplikationsrate 
nach Appendektomie (Huang, Yin et al. 2017).  
1.2  Die Pathogenese der akuten Appendizitis 
Sowohl die Pathogenese der akuten Appendizitis als auch die potentielle Rolle des 
Mikrobioms der Appendix sind nicht vollständig geklärt (Jackson, Mongodin et al. 
2014). Als häufigste Ursache der akuten Appendizitis wurde bisher eine Obstruktion 
des Lumens, ausgelöst durch Kotsteine, Tumore, Lymphhyperplasie oder 
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Fremdmaterial wie Obstkerne oder Haare, angenommen (Humes and Simpson 2006, 
Lamps 2010). Dadurch kommt es zu einer Akkumulation von Darmsekret mit Anstieg 
des intraluminalen Druckes und nachfolgenden Epithelschäden durch eine 
Minderperfusion der Appendixwand. Die nun beginnende Nekrose der Schleimhaut 
begünstigt eine bakterielle Überwucherung und so eine lokale Entzündung, welche 
sich durch Fortschreiten der Nekrose und Zerstörung der Schleimhaut bis in den 
Bauchraum ausbreiten kann (Larner 1988, Humes and Simpson 2006, Lamps 2010). 
Jedoch führen eine Luminalobstruktion durch Kotsteine, Lymphhyperplasie, 
Fremdkörper oder anatomische Lagevarianten nur in etwa einem Drittel aller Fälle zu 
einer akuten Appendizitis (Chang 1981, Arnbjornsson and Bengmark 1984, Jones, 
Demetriades et al. 1985). Ein messbarer intraluminaler Druckanstieg bei einer akuten 
Appendizitis konnte experimentell ebenfalls nicht bestätigt werden (Arnbjornsson and 
Bengmark 1984). Somit kann eine intraluminale Obstruktion den Großteil der 
Erkrankungen nicht erklären.  
Denkbar wäre auch eine primär infektiöse Genese. Dazu zählen bakterielle oder 
unspezifische virale Infektionen mit bakterieller Superinfektion sowie spezifische 
Erreger wie Adenoviren, Epstein-Barr-Viren oder Strongyloides (Stemmermann 
1961, Sisson, Ahlvin et al. 1971, Montgomery and Popek 1994, Lynch, Lott et al. 
2017). In neueren Studien wird daher der Veränderung des appendikalen 
Mikrobioms eine Schlüsselrolle in der Pathophysiologie der akuten Appendizitis 
zugeschrieben (Jackson, Mongodin et al. 2014, Zhong, Brower-Sinning et al. 2014, 
Rogers, Brower-Sinning et al. 2016).  
1.3  Aktuelle Studienlage 
Grundlage zahlreicher Studien zum Mikrobiom der Appendizitis war der, 
kulturunabhängige Nachweis von Bakterien, welcher die Erfassung der gesamten 
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mikrobiellen Diversität ermöglicht (Swidsinski, Dorffel et al. 2011, Guinane, Tadrous 
et al. 2013, Jackson, Mongodin et al. 2014, Zhong, Brower-Sinning et al. 2014, 
Rogers, Brower-Sinning et al. 2016, Salo, Marungruang et al. 2016). Dabei erlaubt 
die 16S-rDNA-Sequenzierung eine qualitative und quantitative Analyse des 
Mikrobioms auf Basis Bakterien spezifischer DNA-Abschnitte. Jedoch ist hierbei 
keine Aussage über den Vitalitätszustand der Bakterien möglich. Ein quantitativer 
Nachweis vitaler Bakterien wird mittels der quantitativen Echtzeit-Polymerase-
Kettenreaktion (RT-qPCR)a oder der Fluoreszenz-in-situ-Hybridisierung (FISH)b über 
die Bestimmungen der Expression einzelner RNA-Abschnitte möglich.  
Seit 2010 wurden sechs Studien publiziert, die das Mikrobiom der gesunden und 
erkrankten Appendix vermiformis mit nicht-kulturabhängigen Methoden 
charakterisierten (Swidsinski, Dorffel et al. 2012, Guinane, Tadrous et al. 2013, 
Jackson, Mongodin et al. 2014, Zhong, Brower-Sinning et al. 2014, Rogers, Brower-
Sinning et al. 2016, Salo, Marungruang et al. 2016). Die bisherigen 
Mikrobiomanalysen von Proben entzündeter Appendizes im Kindes- und 
Erwachsenenalter haben ein individuelles Besiedelungsprofil der Appendix im 
Vergleich zu anderen Darmabschnitten gezeigt. Dabei fand sich ein signifikanter 
Unterschied des Besiedelungsprofils zwischen den Entzündungsgraden (perforiert 
vs. nicht-perforiert), sowie zwischen Rektalproben von Kindern mit Appendizitis und 
gesunden Kindern (Jackson, Mongodin et al. 2014).  
Ein signifikanter Unterschied zwischen einzelnen Entzündungsgraden (phlegmonös 
vs. gangränös) oder dem Entnahmeort (proximal vs. distal) konnte aber nicht 
																																																								
a Die RT-qPCR basiert auf der Methodik der herkömmlichen PCR, wobei die Quantifizierung 
während (Echtzeit) der PCR mittels Fluoreszenz-Messungen erfolgt. 
b Die FISH basiert auf dem Prinzip der in-situ-Hybridisierung. Mit Hilfe einer Sonde, einem 
künstlich hergestellten DNA-Stück, lassen sich komplementäre Nukleinsäuresequenzen von 
z.B. Bakterien „in-situ“ mittels Fluoreszenzmikroskop nachweisen.	
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nachgewiesen werden (Salo, Marungruang et al. 2016). In allen Studien wurden 
jedoch vermehrt orale Pathogene wie Fusobacterium, Porphyromonas, 
Peptostreptococcus, Parvimonas und Gemella in Proben der entzündeten Appendix 
detektiert (Swidsinski, Dorffel et al. 2011, Guinane, Tadrous et al. 2013, Jackson, 
Mongodin et al. 2014, Zhong, Brower-Sinning et al. 2014, Rogers, Brower-Sinning et 
al. 2016, Salo, Marungruang et al. 2016). Insbesondere das Genus Fusobacterium 
nahm in seiner Abundanza mit steigender Entzündung zu (Swidsinski, Dorffel et al. 
2011, Guinane, Tadrous et al. 2013). Bacteroides, ein Genus der gesunden 
Darmflora, wurde dagegen im Vergleich zu Kontrollproben in verminderter Abundanz 
detektiert (Zhong, Brower-Sinning et al. 2014, Rogers, Brower-Sinning et al. 2016, 
Salo, Marungruang et al. 2016).   
Rogers et al. (2016) untersuchte daher vergleichend Abstrichproben der Appendix,  
des Rektums sowie Speichelproben von Patienten mit Appendizitis und Kontrollen 
konnte jedoch keine signifikanten Unterschiede feststellen (Rogers, Brower-Sinning 
et al. 2016). 
Als Kontrollen wurde hier jedoch Speichelproben von Kindern mit Cholezystitis 
verwendet, eine Erkrankung die das gesamte gastrointestinale Mikrobiom verändern 
könnte. Proben des Sulcus gingivalisb , weisen außerdem eine deutlich höhere 
Diversität und Anzahl der Bakterien im Vergleich zu Speichelproben auf und sind 
damit repräsentativer für das orale Mikrobiom (Simon-Soro, Tomas et al. 2013). 
  
																																																								
a Die Abundanz bezeichnet die Dichte oder Häufigkeit eines Individuums (hier Bakterien) 
bezogen auf sein Habitat (hier analysierten Schleimhautproben). 
b Der Sulcus gingivalis ist eine den Zahn umlaufende Tasche zwischen Zahnoberfläche und 
Zahnfleisch (Gingiva).	
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1.4  Ziel der Studie 
Das primäre Ziel dieser Studie war es, die Mundhöhle als Erregerreservoir für eine 
mögliche Pathogenese der akuten Appendizitis im Kindesalter zu evaluieren. Dabei 
wurde das orale Mikrobiom gesunder und an einer akuten Appendizitis erkrankter 
Kinder mit dem Mikrobiom der entzündeten Appendix verglichen. Außerdem wurde 
die Magendarmpassage als möglicher Infektionsweg der Bakterien in Betracht 
gezogen. Dafür wurde die Überlebenswahrscheinlichkeit bestimmter Bakterien unter 
Imitierung des sauren Magenmilieus getestet.  	 	
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Abstract
Purpose The oral microbiome has been related to numerous extra oral diseases. Recent studies detected a high abundance of oral
bacteria in inflamed appendices in pediatric patients. To elucidate the role of oral bacteria in acute pediatric appendicitis, we
studied the oral and appendiceal microbiome of affected children compared to healthy controls.
Methods Between January and June 2015, 21 children undergoing appendectomy for acute appendicitis and 28 healthy controls
were prospectively enrolled in the study. All individuals underwent thorough dental examination and laboratory for inflammatory
parameters. Samples of inflamed appendices and the gingival sulcus were taken for 16S rDNA sequencing. RT-qPCR of
Fusobacterium nucleatum, Peptostreptococcus stomatis, and Eikenella corrodens was performed and their viability was tested
under acidic conditions to mimic gastric transfer.
Results In phlegmonous appendices, Bacteroidetes and Porphyromonas were discovered as dominant phylum and genus. In
sulcus samples, Firmicutes and Streptococcus were detected predominantly. P. stomatis, E. corrodens, and F. nucleatum were
identified in each group. Viable amounts of P. stomatis were increased in sulci of children with acute appendicitis compared to
sulci of healthy controls. In inflamed appendices, viable amounts of E. corrodens and F. nucleatum were decreased compared to
sulci of children with appendicitis. Postprandial viability could be demonstrated for all tested bacteria.
Conclusion In children with acute appendicitis, we identified several oral bacterial pathogens. Based on postprandial viability of
selected species, a viable migration from the oral cavity through the stomach to the appendix seems possible. Thus, the oral cavity
could be a relevant reservoir for acute appendicitis.
Keywords Oral bacteria . Appendix . Sequencing .Microbiome . Peptostreptococcus stomatis
Introduction
Acute appendicitis is the most common cause for intra-
abdominal surgery in children and adults [1–3]. It has been
hypothesized that a luminal obstruction leads to accumulation
of secretions with rise of intraluminal pressure followed by
bacterial overgrowth and transmural inflammation [4–6].
However, particular bacteria responsible for the onset of acute
appendicitis have not been identified so far.
With the implementation of culture-independent methods
like 16S rDNA sequencing of bacterial components, the
appendiceal microbiome has gained increasing interest in
both, children and adults [2, 7]. Several studies revealed a
significant change of the intraluminal bacterial composition
in inflamed appendices, suggesting a key role in the patho-
physiology of acute appendicitis [3, 7, 8]. Moreover, in the
large number of detected bacteria, oral microbes such as
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Fusobacterium, Porphyromonas, Peptostreptococcus, and
Gemella were significantly increased in acute appendicitis
[2, 3, 7, 9–12].
Recent data suggest that the oral cavity serves as a reservoir
for pathogens causing systemic inflammatory processes [3, 7,
9]. Potential oral pathogens includeFusobacterium nucleatum,
a gram-negative anaerobic pathogen located in the gingival
sulcus, which causes root canal infections or periodontitis.
Several authors could detect this microbe in a number of extra
oral diseases such as atherosclerotic disease, rheumatoid arthri-
tis, inflammatory bowel disease, and colorectal cancer
[10–12]. However, it is not clear whether the presence of
F. nucleatum or other pathogens is a primary or secondary
effect of the systemic disease.
The aim of our study was to evaluate the role of the oral
microbiome in acute pediatric appendicitis in comparison to
healthy controls by 16S rDNA sequencing and real-time quan-
titative polymerase chain reaction (RT-qPCR) of relevant bac-
teria. Furthermore, we tested the viability of selected bacteria
under acidic conditions, mimicking a gastric transfer of
swallowed bacteria to understand a possible route of infection.
Material and methods
The present study was approved by the research ethics commit-
tee of the University of Leipzig (reference number: 401-14-
15122014) and is in accordance with the 1964 Helsinki decla-
ration and its later amendments or comparable ethical standards.
All participants’ parents signed written informed consent at the
time of enrollment. Bacterial viability tests were carried out at
the Institute for Medical Microbiology and Epidemiology of
Infectious Diseases and dental examinations were conducted at
the Department of Pediatric Dentistry and Primary Prevention,
at the University Hospital Leipzig, Germany. Amplicon gener-
ation, sequencing, and microbiome profiling were performed by
Eurofins MWG Operon (Ebersberg, Germany).
Study design and participants
Data were prospectively collected between January and
June 2015. Children and adolescents undergoing laparoscopic
appendectomy for acute phlegmonous appendicitis (appendi-
citis group) and children admitted for non-abdominal surgical
procedures (control group) were enrolled preoperatively to the
study. Patients undergoing interval appendectomy or suffering
from complicated appendicitis (perforation, abscess) as well
as patients with a history of chronic abdominal pain, gastro-
intestinal diseases, or previous appendectomy in their medical
history were excluded. Preoperative antibiotics were only ad-
ministered for suspected perforated appendicitis. A question-
naire was completed on the individual medical history, life
style (Supplementary Table 1), and the clinical course of
appendicitis (Supplementary Table 2). Laboratory tests in-
cluded leukocyte counts, neutrophil counts and C-reactive
protein levels (CRP). The pediatric appendicitis score (PAS)
ranging from 0 to 10 was calculated, with a score of ≥ 6 being
compatible with the diagnosis of acute appendicitis [13]. All
patients were offered to undergo an examination by a pediatric
dentist. The periodontal screening index (PSI) ranging from 0
to 4 was determined by probing the gingival pocket depth,
bleeding tendency upon probing as well as the presence of
calculus. Scores ≥ 3 indicate periodontitis and requires com-
plex periodontal treatment [14].
Sample acquisition and intervention
Preoperatively, samples were collected from all patients at the
correspondent region of the teeth 11, 24, 31, and 44 by putting
sterile paper points (ISO 50, RoekoGmbH, Langenau,
Germany) into the depth of the gingival sulcus for 30 s.
Paper points were immediately stored in a sterile medium-
free Eppendorf tube at − 80 °C until further molecular
analysis.
Laparoscopic appendectomy was performed in a three-
trocar technique as described previously [15]. The appendix
was dissected out by electrocautery (BiClamp; ERBE
Elektromedizin GmbH, Tübingen, Germany), stapled over
its base (Endopath, ETS Endoscopic Linear Cutter; Ethicon,
Norderstedt, Germany), and removed by a specimen bag.
Under sterile conditions, the appendix was immediately
opened longitudinally. Swabs from the intraluminal side of
the appendix were taken and cryoconserved at − 80 °C for
bacterial DNA and RNA extraction. Appendices were stored
in formalin 4% overnight for histology.
Bacterial DNA extraction
Randomly selected, age and gender matched patients of both
groups were selected. Total bacterial DNA from gingival sul-
cus of both groups (SulcApp = appendicitis sulcus, SulcCon =
control sulcus) and the appendix (App = appendix in acute
appendicitis) was extracted according to the following proto-
col [16]: After unfreezing swabs/paper points, they were treat-
ed with 360 μl lysozyme solution for 30 min at 37 °C (20 mg/
ml lysozyme, 20 mM TrisHCl, 2 mM EDTA, 1.2% Triton
X100, pH 8.00). Subsequently, samples were incubated with
40 μl proteinase K for 30 min at 56 °C in 400 μl buffer AL
(lysis buffer) for protein digestion. Enzyme inactivation was
performed by heating to 95 °C for 15 min. Then, 500 mg of
sterile 0.5-mm glass beads (Carl Roth GmbH, Karlsruhe,
Germany) were added and bacterial cell wall disruption was
achieved by shaking with a Tissue Lyser bead mill
(QIAGEN). DNA purification was performed using the
QIAamp DNA Mini/Micro Kit (QIAGEN, Hilden,
Germany) according to the manufacturer’s protocol [17].





DNA quantity and quality was assessed by a spectrophotom-
eter (Nanodrop Technologies, Thermo scientific, Waltham,
USA). The purified DNA was eluted in 30–100 μl buffer
AE (QIAmp Mini Kit) and stored in sterile DNA- and RNA-
free tubes at − 80 °C.
Bacterial 16S rDNA sequencing and analysis
After fluorometric quantification of DNA (PicoGreen®
dsDNA Assay Kit, Life Technologies, Darmstadt,
Germany), 10 ng were used for 16S rDNA amplification
(FastStart High Fidelity PCR System, Roche Diagnostics,
Mannheim, Germany). The V1–V3 regions of 16S rDNA
genes were amplified using a limited cycle PCR with forward
and reverse primers containing Illumina adapter sequences
and dual-index barcodes used for tagging each sample, primer
sequences are 27F: AGAGTTTGATCATGGCTCA and
530R: GTATTACCGCGGCTGCTG. After that, amplicon li-
braries were pooled and sequenced on a Miseq Instrument
(Illumina, Inc., San Diego, CA, USA) using a Miseq v3 re-
agent kit (Illumina, Inc.). Paired-end sequencing with a read
length of 2 × 300 bp was performed.
Preceding, raw reads were de-barcoded based on the
unique forward and reverse inline-barcode sequences.
Sequencing errors in the inline-barcodes and primer se-
quences were excluded to preserve only high-quality
reads. Additionally, reads with ambiguous bases (BN^)
were removed. Using minimum entropy decomposition
(MED), the remaining set of high-quality reads was con-
verted into operational taxonomic units (OTUs) [18, 19].
Further, BLAST alignments of cluster representative se-
quences to the NCBI sequence database were performed
to assign taxonomic information to every OTU. Then a
most specific taxonomic allocation for each OTU was
transmitted from the set of best-matching reference se-
quences. A minimal requirement for considering reference
sequences was a sequence identity of 80% across at least
80% of the representative sequence. Subsequent process-
ing of OTUs and taxonomic assignments was conducted
using the QIIME software package. Lineage-specific copy
numbers were used to normalize abundances of bacteria
taxonomic units of the relevant marker genes to improve
estimates (QIIME software package, Version 1.8.0, [20,
21]). After quality filtering, a total of 14 samples
remained and 12,945,778 reads were included for down-
stream analyses and an average of 395,671 sequences (SD
138,668) were assigned to each sample (ranging from
171,420 sequences to 648,258 sequences). The 16S
rDNA of one gingival sulcus sample of the control group
could not be amplified in sufficient quality. Consequently,
sequencing of bacterial microbiome could not be
performed.
Quantification of bacterial gene expression
by RT-qPCR
Based on the results of 16S rDNA sequencing, F. nucleatum,
Peptostreptococcus stomatis, Eikenella corrodens, and
Porphyromonas endodontalis were selected for RT-qPCR
(Supplementary Table 3). Bacterial RNA was isolated using
the RNeasy Mini/Micro Kit from Qiagen (Hilden, Germany)
and reverse-transcribed into double-stranded cDNA using the
Synthesis super script III KIT (Thermo scientific, Waltham,
USA). DNA Purity was assumed if the A260/A280 ratio was
1.7-1.9 (Nanodrop, Thermo scientific). The cDNAwas stored
at − 80 °C. RT-qPCR analyses were performed using the
Mastercycler ep-gradient S (Eppendorf, Wesseling-Berzdorf,
Germany). In brief, a SYBR Green PCR Kit (QuantiFast
SYBR Green PCR Kit, QUIAGEN) was used containing 1 μl
of primers, 10 μl of the SYBR Green Mastermix, 8 μl of
RNAse-free water, and 1 μl of cDNA in a total reaction volume
of 20μl. Each reaction was run in duplicate under the following
conditions: Denaturation, 5 min at 95 °C, annealing and elon-
gation, 40 cycles of 10 s at 95 °C and 30 s at 60 °C, ensued by
95 °C for 15 s, 60 °C for 15 s, and a melting curve to 95 °C for
20 min. 23S rRNA served as housekeeping gene for quantifi-
cation. The presence of PCR amplicons was confirmed by gel
electrophoresis on a 2% agarose gel stained with ethidium
bromide. Fluorescence quantitation was performed by realplex
software 2.2 (Eppendorf) and values of mRNA regulation were
normalized by log transformation (LOG10) thus, quantifying
the abundance of viable bacteria [22].
Bacterial viability under acid conditions
Bacterial strains of F. nucleatum (ATCC 25586), E. corrodens
(ATCC 23839), and P. stomatis (CCUG 51858) were pur-
chased from the Leibniz Institute of German Collection of
Microorganism and Cell Culture (DSMZ, Braunschweig,
Germany). Aerobic pathogens (E. corrodens) were grown on
Columbia agar (Fisher Scientific) supplemented with 5%
sheep blood at 37 °C under 95% O2/5% CO2 for 24–72 h.
Anaerobic pathogens (F. nucleatum, P. stomatis) were grown
at 37 °C for 24–72 h on Brucella agar (Becton Dickinson,
Germany) containing 5% sheep blood, vitamin K1 (1 μl/l),
NaHCO3 0.1% and hemin (5μg/l) at an anaerobic workstation
(Whitley MG 1000, Meintrup Laborgeräte GmbH, Germany).
Single colonies of bacteria were inoculated into thioglycolate
medium containing anaerobic basal broth (Fisher Scientific) or
aerobic brain heart infusion broth (BHI), (Fisher Scientific) at
37 °C for 48–72 h. After incubation, bacterial cells were har-
vested by centrifugation and the optical density (Pharmacia
Biotech, Ultraspec 2000, Freiburg in Breisgau, Germany) was
measured at 550 nm. Colony forming units (CFU) were calcu-
lated according to the McFarland standard [23].





For testing the viability of bacteria under acid conditions, the
specific nutrient broth (BHI or thioglycolate) was adjusted to a
predefined pH (1, 2, 3, 4, 5, and 6) using 1MHCL. Culturing in
native nutrient broth served as positive control. Inoculum sizes
of 107 to 108 CFU/ml were added to the acid bouillon according
to Yuk et al. [24]. The suspension was incubated at 37 °C and
bacterial survival was monitored at 0, 30, 60, 120, 180, and
240 min [24]. After incubation, bacterial suspension was cen-
trifuged and spread plated onto agar plate. Bacterial cell surviv-
al was visualized macroscopically after incubating for 48–96 h.
Verification of the growing bacteria was conducted biochemi-
cally by a matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF-MS) analysis using an
Autoflex II Instrument (Bruker Daltonics, Bremen, Germany)
[25]. All experiments were conducted in triplets.
Statistical analyses
Statistical analyses were conducted with GraphPad Prism 6.04
and SPSS (Statistical Package for the Social Science, V24).
After testing continuous data for normal distribution, the two-
sided t test for parametric distribution (age at surgery, body
mass index (BMI), and the Mann-WhitneyU test for nonpara-
metric distribution (PSI) were applied. For nominal data, con-
tingency tables were generated. Spearman’s rank correlation
test was performed for dental health and inflammation param-
eters (leukocytes, CRP, neutrophils), respectively. Regarding
sequencing samples, differences in α-diversity were calculat-
ed as species richness and in terms of the inverse Simpson
index, followed by analysis of variance with a Tukey post
hoc test. Differences in community variation between groups
(β diversity) were calculated using Pielou’s Evenness index as
well as chord distance with subsequent analysis of similarity.
Data are presented as mean ± standard deviation if not indicat-




Thirty-four patients with clinical signs of acute appendicitis and
28 controls admitted for elective surgery were included for anal-
ysis. Five patients of the appendicitis group were excluded for
perforated appendicitis, missing clinical history, or postoperative
complications. To ensure a homogenous cohort, only patients
with phlegmonous appendicitis (n = 21) were analyzed further;
thus eight children with catarrhal or gangrenous were excluded
[26]. Patients of both groups did not differ significantly in age,
sex, BMI, dental history, and examination (Table 1). All but one
patient (vegetarian) were on a balanced diet. No correlation of
dental health (PSI, presence of caries) and signs of acute appen-
dicitis (leukocytes, CRP, neutrophils, PAS) was found.
16S microbiome profiling
Phylum level
The overall phylum distribution is demonstrated in Fig. 1 and
Table 2 and indicates a diverse composition. In gingival sam-
ples of controls and children with acute appendicitis, seven
phyla were detected with high percentages of Bacteroidetes,
Firmicutes, Fusobacteria, Proteobacteria, and Actinobacteria,
which did not differ between both groups. In appendix sam-
ples, eight phyla dominated by Bacteroidetes, Firmicutes, and
Table 1 Study population
Acute appendicitis (n = 21) Healthy controls (n = 28) pvalue
Age (year) 10.3 ± 3.2 11.3 ± 3.7 ns
Sex (m/f) 16 (76%):5 (24%) 12 (43%):16 (57%) ns
BMI (kg/m2) 18.1 ± 3.6 20.9 ± 5.6 ns
Regular dental checkups (1/a) 21 (100%) 27 (97%) ns
Regular tooth brush (2×/d) 16 (76%) 18 (64%) ns
Caries/teeth (%) 4.2 ± 7.7* 2.4 ± 4.8** ns
Filling/teeth (%) 1.6 ± 2.7* 4.2 ± 7.8** ns
PSI 1.6 ± 1.2* 1.8 ± 0.9** ns
Leukocytes (exp 9/l) 14.7 ± 5.1
Neutrophils (exp 9/l)* 12.7 ± 11.1
CRP (mg/l) 20.8 ± 24.8
PAS 6.8 ± 1.4
Data presented as mean ± standard deviation
PSI periodontal screening index, 0 dental health, 1–2 gingivitis, 3–4 periodontitis;PAS pediatric appendicitis score
*n = 17; **n = 18





Fusobacteria were found. In comparison to the sulcus of chil-
dren with appendicitis, Actinobacteria (p = 0.008) and
Proteobacteria (p = 0.03) were significantly diminished in in-
flamed appendices.
Genus level
At genus level, a total of 71 genera were found in gingival
sulcus samples with highest abundances of Streptococcus
followed by Actinomyces and Fusobacterium (Fig. 2). No
significant differences between healthy and affected children
were detected. In inflamed appendices, a total of 57 genera
were found (Fig. 2). In comparison to the gingival sulcus of
appendicitis patients, Actinomyces (p = 0.005) as well as
Neisseria (p = 0.01), Streptococcus (p = 0.008), and
Terrahaemophilus (p = 0.01) were significantly less abundant
in inflamed appendices. Comparison of the microbial abun-
dances between gingival sulcus and appendices revealed a
concurrence of 28 genera.
Species level
At species level, a total of 216 species were detected in gingi-
val sulcus of healthy and affected children. The major species
Fig. 1 16S microbiome profiling at phylum level. Bacterial abundance at
phylum level of inflamed appendices (App) differed to the gingival sulcus
of children with acute appendicitis (SulcApp) but not to the gingival sulcus
of healthy controls (SulcCon). Actinobacteria as well as Proteobacteria
were significantly increased in sulcus samples of affected patients. DNA
reads that could not be assigned to a specific phylum are indicated as Bnot
assigned^. Statistical analysis by Mann-Whitney test
Table 2 Comparison of the
dominant subpopulations of the
sulcus and appendix samples
Abundance (%) in p value
SulcCon SulcApp App SulcCon/SulcApp App/SulcApp
Phylum
Firmicutes 46 28 18 ns ns
Fusobacteria 10 9 19 ns ns
Proteobacteria 21 27 6 ns 0.03
Bacteroidetes 8 12 52 ns ns
Genus
Streptococcus 31 14 1 ns 0.008
Fusobacterium 5 6 19 ns ns
Porphyromonas 3 5 43 ns ns
Terrahaemophilus 5 11 0 ns 0.01
Actinomyces 9 10 1 ns 0.005
Species
Streptococcus mitis 13 5 0 ns ns
Terrahaemophilus aromaticivorans 3 9 0 ns ns
Porphyromonas endodontalis 0 0 42 ns ns
Fusobacterium nucleatum 1 1 6 ns ns
Eikenella corrodens 1 1 1 ns ns





were Streptococcus mitis, Granulicatella adiacens,
Propionibacterium propionicum, and Terrahaemophilus
aromaticivorans, which did not differ significantly between
both groups (Fig. 2).
In contrast, 109 species could be identified in inflamed
appendices, with highest percentages of P. endodontalis,
F. nucleatum, and Parvimonas micra. F. nucleatum,
E. corrodens, and P. stomatis were found in the gingival sulci
of both groups as well as in the majority of appendix samples.
Their abundance did not differ significantly between groups.
Analyzing α-diversity, we detected no significant differ-
ences regarding rare species contribution (p = 0.4) and com-
mon species contribution (inverse Simpson index, p = 0.8)
comparing sulcus samples of healthy to affected children. In
contrast, gingival sulcus of children with acute appendicitis
had significantly higher species richness than their corre-
sponding appendix samples (p < 0.001). Moreover, the in-
verse Simpson index was significantly lower in the appendix
compared to gingival sulcus of infected children (p = 0.04).
Likewise, no statistical differences were found in terms β-
diversity between both sulcus samples. However, Pielou’s
Evenness Index was significantly lower in the appendix, com-
pared to the sulcus (p = 0.04).
RT-qPCR
In a second cohort of healthy children (n = 10/28) and children
with acute appendicitis (n = 8/21) four species, F. nucleatum,
E. corrodens, P. stomatis, and P. endodontaliswere quantified
by RT-qPCR. F. nucleatum, E. corrodens, and P. stomatis
were selected because of their abundance in nearly every sul-
cus sample as well as in most appendices, detected by 16S
rDNA sequencing. P. endodontalis, usually found in the oral
cavity, was not detected in the gingival sulcus, but was found
in a high abundance in three of five appendix samples.
However, abundances of viable P. endodontalis could only
Fig. 2 16S microbiome profiling
at genus and species level.
Microbiome analysis of inflamed
appendices (App) and gingival
sulcus in children with acute
appendicitis (SulcApp) compared
to gingival sulcus of controls
(SulcCon) at genus (a) and species
(b) level. Actinomyces, Neisseria,
Streptococcus, and
Terrahaemophilus were
significantly less abundant in
phlegmonous appendices
compared to the sulcus of patients
with acute appendicitis. Genera
and species with a presence ≥ 2%
were included in the figure.
Abundances < 2% are
summarized in Bother.^ DNA
reads that could not be assigned to
a specific genus/species are
indicated as Bnot assigned.^
Statistical analysis by
Mann-Whitney test





be measured in three of eight appendix samples and in one
gingival sulcus of the control group. Thus, they were not an-
alyzed further (data not shown).
The amount of viable bacteria of F. nucleatum and
E. corrodens did not differ significantly in the gingival sulcus
samples of both groups, but was significantly lower in appen-
dix samples compared to the gingival sulcus of appendicitis
patients (F. nucleatum p = 0.01, E. corrodens p = 0.04) and
control group (F. nucleatum p = 0.002 and E. corrodens p =
0.006) (Fig. 3). RT-qPCR of P. stomatis revealed significantly
higher amounts of viable bacteria in the gingival sulcus of
children with acute appendicitis compared to the gingival sul-
cus of healthy controls (Fig. 3).
Bacterial viability under acid conditions
Bacterial colony forming under acid conditions was considered
as a positive result for viability. No isolate grew at pH 1 to 3
independently from exposure time. E. corrodens and
F. nucleatum grew constantly at pH 6 and 5 during the entire
inoculation time (0–240 min) and both could be cultivated after
30-min exposure in a nutrient broth at pH 4. P. stomatis showed
a constant viability at pH 4 to 6 for the entire experiment.
Discussion
Despite the high incidence of acute appendicitis, its
etiopathogenesis remains poorly understood. Recent studies
found a significant abundance of oral pathogens in the
appendiceal microbiome such as Fusobacterium ,
Peptostreptococcus, Porphyromonas, and Gemella [3, 9,
12]. Therefore, we aimed to study the potential relationship
between the gingival sulcus and appendiceal microbiome by
16S rDNA sequencing and RT-qPCR, and examined the bac-
terial viability under acid conditions, mimicking the gastric
passage as the route of infection.
In general, a broad diversity of microorganisms in gingival
sulci was found. Firmicutes as dominant phylum and
Streptococcus as major genus, which was mainly represented
by the species S. mitis were detected in both groups.
Streptococcus spp., as part of the normal oral microflora
remained unaltered in healthy and affected children [27, 28].
Peptostreptococcus, also a genus of the phylum Firmicutes,
was represented by P. stomatis and could be found in all sam-
ples of gingival sulcus and in four of five inflamed appendices
by 16S rDNA sequencing. Likewise, the amount of viable
P. stomatis as assessed by RT-qPCR in gingival sulcus samples
of affected children was significantly higher than in healthy
controls. This is in line with other studies, demonstrating sig-
nificantly higher abundances of Peptostreptococcus spp. in
inflamed appendices compared to healthy controls [3].
Peptostreptococcus species are commensal organisms in
the human mouth and gastrointestinal tract, but can become
pathogenic under immunosuppressed or traumatic conditions
[29]. Interestingly, to the best of our knowledge, this is the first
time that the species P. stomatis was detected in acute appen-
dicitis by 16S rDNA sequencing and RT-qPCR.
In inflamed appendices, 16S rDNA sequencing revealed
Bacteroidetes as major phylum with Porphyromonas as main
genus, mainly represented by the species P. endodontalis. In
line, others found a significant increase of Porphyromonas
spp. in appendix samples of children with acute appendicitis
compared to children with normal appendices by 16S rDNA
sequencing [3]. Surprisingly, the high abundance of
P. endodontalis as assessed by 16S rDNA sequencing could
not be confirmed by RT-qPCR, where only in three of eight
appendix samples viable bacteria could be detected. Most
likely, only fragments of dead bacteria were detected by 16S
rDNA sequencing, suggesting an increased abundance of
P. endodontalis in early stages of acute appendicitis.
In gingival sulcus samples, P. endodontalis was detected
only marginally by 16S rDNA sequencing and RT-qPCR. As
a representative pathogenic bacterium of the oral cavity, it is
Fig. 3 Viable amounts of Fusobacterium nucleatum, Eikenella
corrodens, and Peptostreptococcus stomatis in appendices and sulcus.
The mRNA expression of bacteria normalized to 23S rRNA in
phlegmonous appendices (App) and gingival sulcus in children with
acute appendicitis (SulcApp) compared to gingival sulcus of healthy
controls (SulcCon). Statistical analysis by Mann-Whitney test





associated with periodontitis, gingivitis, and tooth pulp necro-
sis [30–32]. The lack of detection in our study can be well
explained as samples were taken from the gingival sulcus of
children without acute oral infections (overall PSI = 1.7 ± 0.9).
P. endodontalis and P. endodontalis-like organisms have been
found in appendicitis, peritonitis, and intra-abdominal ab-
scesses before [33].
Fusobacterium was also an abundant genus (> 5%) in all
samples of the gingival sulcus as well as in inflamed appen-
dices. Fusobacterium spp., and in particular, F. nucleatum are
generally known as oral pathogens for periodontic diseases as
well as for extra oral infections such as inflammatory bowel
disease [34, 35]. Inmicrobiome studies,F. nucleatum has been
found in the regular lining of the gut and the stomach but has
also been identified as one of the main pathogenic species in
acute appendicitis [2, 10, 12]. Thus, F. nucleatummight act as
an invasive pathogen that potentially proliferates after the on-
set of infection as well as being part of the healthy flora [9].
By RT-qPCR, each patient of our cohort showed viable
amounts of F. nucleatum in the gingival sulcus, but only in
three of eight appendix samples. Recent studies reported var-
iable percentages of F. nucleatum by sequencing. Zhong et al.
demonstrated an abundance of F. nucleatum in each except
one appendicitis sample, whereas Swidsinski et al. described a
lack of Fusobacteria in 38% of investigated appendicitis pa-
tients [2, 9]. Moreover, F. nucleatum has been shown to infil-
trate the lumen of the appendix as assessed by in situ hybrid-
ization, depending on the severity of acute appendicitis [10].
In contrast, high amounts of F. nucleatum were also found in
appendix samples from interval appendectomies by sequenc-
ing, suggesting that its presence is not only caused by an
active inflammation but also as detection of remnant bacterial
fragments [2, 9].
The species E. corrodens, representing the phylum
Proteobacteria and the genus Eikenella, was detected by se-
quencing in the gingival sulcus of both groups as well as in
inflamed appendices in similar amounts (≈ 1%). E. corrodens
can be found in the regular flora of the oral cavity and the
gastrointestinal tract [36, 37]. In the gastrointestinal tract,
E. corrodens has been detected by culturing in acute appendi-
citis and other intra-abdominal infections like intra-abdominal
abscesses but until now, not by 16S rDNA sequencing or RT-
qPCR [38–41]. Usually, E. corrodens can be isolated in asso-
ciation with other aerobic bacteria such as species belonging
to the genus Streptococcus which could also be identified in
similar abundances (≈ 1%) in our cohort suggesting an impor-
tant role in advanced inflammation [42].
Taken together, our results are in line with recent studies
suggesting an important role of oral pathogens in the
etiopathogenesis of acute appendicitis [3, 9, 12]. It remains
unclear which of the detected pathogens are responsible for
the onset of acute appendicitis and how they reach the appen-
dix. A hematogenous spread of bacteria seems unlikely due to
indistinct blood cultures and the late onset of fever during
acute appendicitis [43, 44]. Most probably bacteria could mi-
grate through the gastrointestinal tract from the oral cavity to
the appendix, even though the acidic gastric fluid should pre-
vent the immigration into the intestinal wall and migration to
the lower gastrointestinal tract. However, this barrier seems to
be incomplete as oral bacteria have been found in the lower
gastrointestinal tract before [3, 7, 9, 12]. A pH of 1.5 to 2.5 is
typical for the fastening stomach increasing up to pH 5.5 dur-
ing meals and decreasing to normal fastening values after 3 to
4 h of enteral passage [45]. We tested the viability of the oral
pathogens P. stomatis, E. corrodens, and F. nucleatum under
acidic conditions (pH 1 to 6). Surprisingly, all bacteria sur-
vived at pH 4 for at least 30 min and at pH 5–6 for 240 min,
suggesting that a migration of microorganisms is possible dur-
ing ingestion. Thus, the oral cavity may be the reservoir of
pathogens causing acute appendicitis and GI passage a poten-
tial route of infection.
Antibiotic treatment for pediatric patients with uncompli-
cated appendicitis had been shown to be feasible and effective
in a recent meta-analysis [46]. However, non-operative treat-
ment was associated with a failure rate of 8.92%. Accordingly,
it has been proposed that the appendix harbors a protected
reservoir of bacteria that may even persist a first-line antibiotic
treatment during acute appendicitis [12]. Thus, appendectomy
remains the only definitive treatment of acute appendicitis.
To the best of our knowledge, this is the first study investi-
gating the relationship between the oral and the appendiceal
microbiome in children with acute appendicitis and healthy
controls. However, we are aware of several limitations of the
study. In contrast to others, we do not regularly perform inci-
dental appendectomies at our hospital. Therefore, we were not
able to investigate normal appendices as controls. Furthermore,
the small study population may explain the absence of certain
statistically significant differences.
Nevertheless, we investigated a very homogenous patient
cohort, with no difference in diet, living area, BMI, sex, and
histological grade of appendicitis. Moreover, samples of the
gingival sulcus as taken for our study had been shown to be
more representative for oral pathogens than saliva samples or
buccal swabs [47, 48]. Finally, two culture-independent ap-
proaches revealed not only the presence of bacterial DNA
(sequencing) but also their viability levels (RT-qPCR); addi-
tionally, we were able to verify a proof of principle that the GI
passage can be a potential route of infection.
Conclusion
We identified several oral pathogens such as P. stomatis,
E. corrodens, and F. nucleatum by 16S rDNA sequencing in
acute pediatric appendicitis in both gingival sulcus and appen-
dices. Our results suggest that P. stomatis may play an





important role in the underlying pathogenesis. Aviable migra-
tion of oral pathogens from the oral cavity through the stom-
ach postprandially is a possible route of infection.
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3  Zusammenfassung der Arbeit  
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Die akute Appendizitis ist mit einer Inzidenz von etwa 9 Krankheitsfällen pro 10.000 
Einwohner eine der häufigsten gastrointestinalen Erkrankungen im Kindes- und 
Erwachsenenalter (Buckius, McGrath et al. 2012). Bisher ist die zugrunde liegende 
Pathogenese nicht eindeutig geklärt. Die Vermutungen reichen von einer 
mechanischen Obstruktion, die zu einer bakteriellen Überwucherung führt, bis hin zu 
einer primär infektiösen Genese durch bestimmte Keime. Mit neuen, 
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kulturunabhängigen Nachweismethoden (16S-rDNA-Sequenzierung) konnte eine 
größere Diversität im Mikrobiom der entzündeten Appendix im Vergleich zu 
gesunden Appendizes mit einer Verminderung an protektiven Darmkeimen wie 
beispielsweise Bacteroidetes, gezeigt werden (Zhong, Brower-Sinning et al. 2014, 
Rogers, Brower-Sinning et al. 2016, Salo, Marungruang et al. 2016). Zudem fanden 
sich vermehrt orale Pathogene wie Fusobacterium, Gemella, Porphyromonas, 
Prevotella und Parvimonas (Swidsinski, Dorffel et al. 2011, Swidsinski, Dorffel et al. 
2012, Guinane, Tadrous et al. 2013, Jackson, Mongodin et al. 2014, Zhong, Brower-
Sinning et al. 2014, Rogers, Brower-Sinning et al. 2016, Salo, Marungruang et al. 
2016).  
Das Ziel der vorliegenden Arbeit war daher, das orale Mikrobiom von gesunden und 
erkrankten Kindern mit dem Mikrobiom entzündeter Appendizes zu vergleichen. 
Dafür wurden Abstrichproben des Sulcus gingivalis sowie der intraluminalen 
Schleimhaut entzündeter Appendizes mittels 16S-rDNA-Sequenzierung analysiert 
und die Aktivität dominanter Keime mittels RT-qPCR gemessen.  
3.1  Ergebnisse 
3.1.1  Peptostreptococcus stomatis 
Peptostreptococcus stomatis (P. stomatis), eine Spezies des Stammes Firmicutes, 
wurde in allen Proben des Sulcus gingivalis und in vier von fünf entzündeten 
Appendizes durch 16S-rDNA-Sequenzierung nachgewiesen. Zudem konnte im 
Sulcus gingivalis von Kindern mit Appendizitis eine signifikant höhere Menge von P. 
stomatis per RT-qPCR gemessen werden als bei gesunden Kindern. 
Peptostreptococcus spp. sind in der menschlichen Mundhöhle und im Magen-Darm-
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Trakt kommensale a  Organismen, welche z.B. unter immunsupprimierten 
Bedingungen eine Infektion auslösen können und bereits in entzündeten Appendizes 
nachgewiesen wurden (Kononen, Bryk et al. 2007, Jackson, Mongodin et al. 2014).  
3.1.2  Porphyromonas endodontalis 
Porphyromonas, eine Gattung des Stammes Bacteroidetes, vor allem vertreten durch 
die Spezies Porphyromonas endodontalis (P. endodontalis), wurde in hoher 
Abundanz mittels 16S-rDNA-Sequenzierung in entzündeten Appendizes gefunden. 
Durch RT-qPCR konnten jedoch nur in drei von acht Proben aktive Bakterien 
nachgewiesen werden, sodass P. endodontalis oder Porphyromonas spp. vor allem 
in frühen Stadien der akuten Appendizitis eine Rolle zu spielen scheinen (Vaisanen, 
Kiviranta et al. 1997, Jackson, Mongodin et al. 2014). In Proben des Sulcus gingivalis 
beider Gruppen wurde P. endodontalis hingegen nur marginal durch 16S-rDNA-
Sequenzierung und RT-qPCR nachgewiesen, obwohl es mit einer Parodontitis, 
Gingivitis und Zahnmarknekrosen assoziiert wird (Dahlen and Leonhardt 2006, Cao, 
Qi et al. 2012, Lombardo Bedran, Marcantonio et al. 2012). Der fehlende Nachweis 
in unserer Studie lässt sich dadurch erklären, das Proben aus dem Sulcus gingivalis 
von Kindern ohne akute oder chronische orale Infektionen entnommen wurden.  
3.1.3  Fusobacterium nucleatum 
Analog zu bisherigen Studien wurde die Gattung Fusobacterium, zugehörig zum 
Stamm der Fusobacteria, in allen Proben mittels 16S-rDNA-Sequenzierung 
gefunden. In Mikrobiomstudien wurde Fusobacterium spp. in der normalen 
Schleimhaut des Darms gefunden, aber auch als eine der wichtigsten pathogenen 
Spezies bei akuter Appendizitis identifiziert. So können Fusobacterium spp. als 
																																																								
a	Kommensale	 Organismen	 ernähren	 sich	 von	 Nahrungsrückständen	 eines	 Wirtsorganismus	 ohne	 ihm	
Schaden	zuzufügen.	
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invasive Erreger fungieren, als auch Teil der gesunden Darmflora sein (Zhong, 
Brower-Sinning et al. 2014). Mittels RT-qPCR konnte eine Aktivität von 
Fusobacterium nucleatum (F. nucleatum) im Sulcus gingivalis aller Patienten, jedoch 
nur in drei von acht Proben der entzündeten Appendizes nachgewiesen werden. 
Diese Varianz zeigte sich auch in neueren Studien, wo Fusobacterium nucleatum 
nicht in allen Abstrichen nachgewiesen werden konnte (Swidsinski, Dorffel et al. 
2011, Swidsinski, Dorffel et al. 2012, Zhong, Brower-Sinning et al. 2014).  
3.1.4  Eikenella corrodens 
Die Spezies Eikenella corrodens (E. corrodens) wurde erstmals durch 16S-rDNA-
Sequenzierung in allen Proben in ähnlich hoher Abundanz gefunden (≈ 1%), bisher 
gelang dies nur mittels Kultivierung von Abstrichen bei akuter Appendizitis und 
anderen intraabdominalen Infektionen (Maia, Goldstein et al. 1980, Raffensperger 
1986, Gonzalvez Pinera, Marco Macian et al. 1995). Als Teil der normalen Flora des 
Mundes und des Gastrointestinaltraktes zeigt es eine geringe Pathogenität. In 
Mischinfektion kann es jedoch zusammen mit anderen aeroben Bakterien, meist 
Streptococcus spp., isoliert werden. Da diese Subspezies in ähnlich hoher Abundanz 
(≈ 1%) wie E. corrodens in dieser Studie identifiziert wurde, könnte E. corrodens eine 
Rolle bei der fortgeschrittenen Appendizitis spielen, wenn die Bakterienlast bereits 
hoch ist. 
3.1.5  pH-Messung 
Um die Migration der Bakterien von oral nach aboral als möglichen Infektionsweg zu 
prüfen, wurde die Überlebensfähigkeit der relevanten Erreger P. stomatis, E. 
corrodens und F. nucleatum bei pH-Werten, die das Magenmilieu imitieren, getestet. 
Der Nüchtern-pH des Magens liegt bei 1–2, nach Nahrungsaufnahme erhöht er sich 
auf 5–6. Alle drei getesteten Spezies konnten bei einem pH von 4–6 kultiviert 
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werden. Damit wäre die gastrointestinale Passage ein potentieller Infektionsweg für 
die akute Appendizitis durch Erreger der Mundhöhle.  
3.2  Schlussfolgerung 
In dieser Studie wurden mehrere orale Krankheitserreger wie P. stomatis, E. 
corrodens und F. nucleatum durch 16S-rDNA-Sequenzierung bei Kindern mit akuter 
Appendizitis sowohl in Proben des Sulcus gingivalis als auch in Proben der 
entzündeten Appendix identifiziert und ihre Aktivität mit Hilfe der RT-qPCR 
nachgewiesen. Orale Pathogene scheinen bei der Ätiopathogenese der akuten 
Appendizitis eine relevante Rolle zu spielen. Eine lebensfähige Migration von 
Krankheitserregern aus der Mundhöhle durch den Magen in die Appendix stellt dabei 
einen möglichen Infektionsweg dar. 
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5  Anlagen  
5.1  Supplemental material 
Supplement Table I Questionnaire assessed from both groups 
Demographical data age, BMI, sex  
Medical history previous illnesses, chronic abdominal pain, allergies, medication, 
nutrition, smoking history, dental health, previous dental 
infections 
 
Dental examination PSI, caries, total number of teeth, restorations 
Laboratory 
investigations 
Leukocytes, neutrophil count, CRP level 
In-hospital course Antibiotic treatment, postoperative complications 
BMI= body mass index, PSI= periodontal screening index, CRP= C-reactive protein 
 
Supplement Table II Questionnaire assessed from the appendicitis group 
Medical history start of pain, localization of pain, painfulness, migration of pain, 
temperature at admission, anorexia, nausea/vomiting, sobriety, 
defecation, micturition 
 
Clinical examination right lower quadrant tenderness on hopping, psoas-sign, 
abdominal guarding, coughing/percussion tenderness right lower 
quadrant, McBurney’s sign, Lanz’ sign, dental examination 
 
Ultrasound diameter of appendix, free fluid, surrounding tissue reaction, 
faecolith, conglomeration 
Diagnostics histopathology, microbiological findings, PAS 
Intraoperative course operation time, intraoperative findings, free fluid 
PAS= pediatric appendicitis score 
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